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1,1 TH I 1 J M T ETH A F 1, I I0 ROR AT I3 C: A TA I ,Y Z E D F E R R I E R 
1lNSATllHATED G1,YCOPY RANOSl DES 
REARRANGEMENT - FACILE SYNTHESIS OF ALKYL 2,3- 
B Sobhana Babu and K.K Balasubramanian* 
Department of Chemistry, lndian Institute of Technology, Madras 
Chennai - 600 036. INDIA. Fax: 91 44 2350509 
Abstrrct: Treatment of tri-O acetyl-D-galactal 1 and tri-O-acetyl-D-glucal 2 with 
diverse alcohols in the presence of LiBF4 in CHjCN, furnished alkyl 2,3- 
unsaturated glycopyranosides 3-18 (50- 86%). 
2,3-Unsaturated glycosides have received wide attention in recent years 
particularly in the synthesis of several biologically active natural products and also 
as chiral synthons. The various existing glycosidation methodologies have been 
extensively reviewed.2 Ferrier rearrangen~ent.~ is an important acid catalyzed 
glycosidation reaction essentially involving acetylated glycals, to afford 2,3- 
unsaturated glycosides through nucleophilic allylic displacement. 
Ferrier rearrangement on tri-0-acetyl-D-galactal 1 has been less studied in 
contrast to tri-0-acetyl-D-glucal 2. Apparently, Ferrier rearrangement on tri-0- 
acetyl-D-galactal 2 is known only with SnC14as the catalyst4 
* To whom correspondence should be addressed 
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4300 SOBHANA BABU AND BALASUBRAMANIAN 
Although anhydrous lithium perchlorate in diethyl ether (LPDE) has gained 
importance as a versatile medium for bringing about many organi~transformations~, 
including carbon Ferrier rearrangement6, in view of its oxidising property which 
may not desirable in some case, we were interested to examine the potential of 
lithium tetrafluoborate as a Lewis acid. Lithium tetrafluoborate (LiBF4) is a mild 
Lewis acid, which has been used for deprotection of silyl ethers and also as a 
catalyst for the Diels-Alder reaction.' Since the counterion BF4 in LiBF4 is non- 
nucleophilic and non-oxidizing unlike CIOi, we were prompted to investigate the 
utility of LiBF4 as a catalyst for the Ferrier rearrangement of glycals. 
Herein, we present our preliminary results on the interesting utility of 
LiBF4 in acetonitrile ( LTAN) as an efticient system for the Ferrier rearrangement 
on tri-0-acetyl-D-galactal 1 and tri-0-acetyl-D-glucal 2 with various alcohols 
(primary, secondary, allylic, propargylic, benzylic etc.) leading to alkyl 2,3- 
unsaturated glycopyranosides 3-18, in moderate to good yields. 
LiBFd I CHJCN 
+ R-OH P 
Ac R* g 
R= alkyl, a r y ~  alliyl 50-86% OR 
R 1 =OAc, Rz=H 1 RI=OAC, R2=H 3 - 10 
R2=OAc, R 1 =I 1 2 R~zOAC, R l = H  11 - 18 
When I equiv. of tri-0-acetyl-D-galactal I was treated with 1.2 equiv. of 
benzyl alcohol for 16 hours in LTAN at S O T ,  benzyl 2,3-unsaturated 
galactopyranoside 3 was obtained' in 60% yield with the a-anomer as the major 
product. Likewise, other alcohols led to facile glycosidation upon reaction with 
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tri-U-acetyl-D-galactal 1 in LTAN affording the corresponding alkyl 2,3- 
unsaturated galactopyranosides 4-10 in moderate yields (see Table ). 
A noteworthy point is that in all the products a-anomer is predominant 
which can be attributed to the anomeric effect. No significant enhancement in the 
intensity of the anomeric proton was observed when the signal due to H-5 is 
irradiated, thus confirming that H- I and H-5 are lrms to each other. We may also 
note that in the case of tri-0-acetyl-D-galactal 1 the formation of alkyl 2-deoxy 
glycopyranosides are either not observed, or observed only as a minor reaction. 
We have extended this LiBF4 mediated Ferrier rearrangement to tri-0- 
acetyl-D-glucal 2 .  Treatment of tri-0-acetyl-D- glucal 2 with benzyl alcohol in 
LTAN at ambient temperature itself gave the benzyl glucopyranoside 11 in 86% 
with a- anomer as the major product. Likewise, other alcohols led to facile 
glycosidation upon reaction with tri-0-acetyl-D-glucal 2 in LTAN affording the 
corresponding alkyl2,3-unsaturated glycopyranosides 11-18 in good yields. 
To the best of our knowledge, this is the first instance of LiBF4 mediated 
Ferrier rearrangement. We have also examined the catalytic ability of several other 
fluoborates such as C ~ H S C H ~ ( C ~ H ~ ) ~ N B F ~ ,  (n-Bu)4NBF.t, NaBFd, KBFJ 18 crown 
6, NH4BF4 in dry CH,CN which were all found to be ineffective. 
In summary, we have observed that LiBF4 in CH3CN (LTAN) is a usefbl 
catalyst, enabling a practical method for the synthesis of alkyl 2,3-unsaturated 
glycopyranosides'. The cyclisation of 2'-iodobenzyl glycosides 4 and 12 to form 
chiral isochromans is currently under investigation. 
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Table. LTAN mediated glycosylation of alcohols with 1 and 2 
a$# Alcohol Product Time(hrs) Yield (%) 
=/-OH 
HJC-OH 
3 
I I  
4 
12 
S 
13 
6 
14 
7 
1s 
8 
16 
9 
17 
10 
18 
16 
4 
20 
36 
16 
3 
16 
6 
16 
4 
26 
8 
10 
3 
18 
10 
60 
86 
58 
56 
56 
76 
50 
70 
52 
80 
50 
58 
60 
85 
62 
60 
9: 1 
4: 1 
10: 1 
6: I 
9: 1 
9: 1 
12: I 
9: 1 
9: I 
8: I 
a-only' 
4:l' 
1 O : l  
9: I 
9: I 
10: I 
# Anomeric ratios were determined by 'H and NMR (400 MHz) spectroscopy 
* Reaction was successhlly scaled upto 20 gm of I and 2 
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EXPERl M ENTA L 
'To a mixture of tri-0-acetyl-D-galactal 1 or tri-0-acetyl-D-glucal 2 ( 1  
mmol) and the -OH nucleophile ( 1 . 1  to 1.6 mmol), was added anhydrous LiBR 
(ACROS Organics or Fluka or Janssen 1 2 mmol) in dry CH3CN ( 1  niL) at ambient 
temperature (in the case of tri-0-acetyl-D-galactal 2, at 50°C). The contents were 
stirred for the required time (see Table ) and the reaction is monitored by TLC. 
The reaction mixture was quenched by the addition of aqueous sodium hydrogen 
carbonate (lo%, 25 mL), extracted with dichloromethane (3 x 25 mL) dried over 
anhydrous sodium sulphate, filtered and concentrated. The residue was purified by 
flash column chromatography on silica gel to obtain the products. 
2'-lodobenzyl 4,6-di-O-rcetyl-2,3-dideoxy-a-D-erythro-hex-2-eno-pyranoside 
13) 'H-NMK (400 MHz, CDC13): 6 (ppm) 2.06 (s, 3H, - OCOCH3), 2.09 (s, 3H, - 
OCOCH3),4.24 (d, 2H, J=6.35Hz, 6HA, ~ H R ) ,  4.43-4.47(m, lH, 5-H), 4.57(d, A 
OfAB, J=12.69H~, PhCHn), 4.83(d, B OfAB, IH, J=12.69H~, PhCHB), 5.04( d,d, 
IH, J=5.13Hz, 2.93Hz, 4-H), 5.23( d, 1H, J= 2.93Hz, I-H), 6.08-6.18(m, 2H, 2- 
H, 3-H), 7.00(m, IH, Ar-H), 7.34-7.43(m, 2H, Ar-H), 7.82- 7,85(m, lH, Ar-H). 
"C-NMR (100 MHz, CDCI,): 6 (ppm) 20.75 (4). 20.79 (q). 62.61 (t), 62.61(d), 
67.01(d), 73.69(t), 93.48(d), 98.13(s), 125.40(d), 129. Iqd), 129.40(d), 
130.28(d), 139.25(d), 139.79(s), 170.15(s), 170.44(s). 
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